Background Decellularization of aortic valve allografts in advance of transplantation is a
INTRODUCTION
Triton X-100 treatment was tested. The fourth method was based on a 0.1 % SDS cell extraction method, [13] to which a DNase and RNase step was added. After the valves were treated for 24 hours at 4 °C with 0.1 % SDS in distilled water, they were placed in a solution containing RNase A (20 μg/mL) and DNase (0.2 mg/mL) for 1 hour in HBSS at room temperature, followed by washing with HBSS at 4 °C for 48 hours to remove residual substances. All steps were conducted under continuous shaking (600 rpm). Pending the transplantation the grafts were placed in a sterile heparinized saline solution for maximally 5 hours at 4 °C. Table I : Summary of the various methods used to decellularise rat aortic valve conduit (SDS: Sodium Dodecyl Sulfphate).
R E C I P I E N T P R O C E D U R E
The heterotopic aortic valve transplantation described by Oei and colleagues [7] was slightly modifi ed. In short the recipient rats were anaesthetized with halothane administered by a vaporizer with a waste gas scavenging system in combination with NO2/O2 in a 50:50 or 60:40 ratio. A vapor concentration of 3 % to 4 % was used for induction, and anesthesia was maintained with a 0.75 % to 1.5 % halothane concentration. A midline laparotomy was performed, the intestines were mobilized to the right, and the aorta was dissected away from the vena cava from the level of the renal arteries to the aortic bifurcation and crossclamped with a Lee clamp.
Within this segment 2 incisions were made to create the distal and proximal openings for the anastomoses. The anastomoses were made, within 50 minutes after clamping, with a continuous 10-0 suture (Ethicon), fl ushing intermittently with heparinized buff ered saline solution (12.5 U/mL). After 21 days the explanted U-shaped aortic valve conduit was cut a few millimeters above the annulus and the remaining piece was split longitudinally into 3 valve cusp-containing symmetric rectangular pieces.
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Histolog y
All the valve tissues were fi xed overnight in 2 % acetic acid in 100 % ethanol or in 4 % paraformaldehyde, dehydrated in graded ethanol and xylene, and subsequently embedded in paraffi n. Serial sagittal sections of 5 μm were cut and mounted onto egg white/glycerine-coated glass slides for histological and immunohistochemical analysis. Parallel sections were routinely stained with hematoxylin-eosin. Resorcin-fuchsin staining was used to visualize elastic laminae.
Sirius red was used to detect collagen and Alcian blue to detect glycosaminoglycans (GAG).
Immunohistochemistry
Smooth muscle cells were visualized with the 1A4 mouse anti-human antibody recognizing α- 
RESULTS
Histolog y of Normal and Decellularized Valves
Rat aortic valve leafl ets consist of 5 to 6 cell layers and do not display a typical 3-layered structure .
Treatment of the valves with a 1 % Triton X-100 solution for a period of 24 hours showed no change in cellularity compared with a normal rat aortic valve (Figure 2 . hematoxylin-eosin (HE).
Aortic Valve Transplantations
In all grafts retrovalvular thrombi were seen in the aortic sinuses (Table 2) (Figure 4, a) . 
C E L L U L A R S Y N G E N E I C G R A F T S
None of these control grafts were aff ected by thrombosis in the valve sinuses. All grafts showed moderate to severe intimal proliferation extending from the proximal anastomoses to the ven- A complete loss of medial SMCs in the aortic root was found in transplanted cellular allogeneic conduits. The loss of SMC was accompanied by a decrease in GAG and CS, and a multifocal disruption of the elastin fi bers (Figure 4, f ) . In transplanted acellular allogeneic conduits, however, the medial elastic fi bers were normally arranged (Figure 4, g ) and also the amount of collagen, GAG, and FN in the media did not diff er from a nontransplanted acellular aortic conduit. Only a decrease in medial CS expression as compared with a nontransplanted, treated valve conduit was found. The media was still acellular and negative for anti-SMC actin.
The matrix constitution in the controls (acellular syngeneic) did not diff er from the acellular allogeneic group. The media was also still acellular and negative for anti-SMC actin. There was no loss or disruption of elastic fi bers and also the amount of collagen, GAG, and FN was unchanged. 
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DISCUSSION
Extraction of cellular components from heart valve allografts is believed to minimize the immunologically induced structural changes leading to graft failure. Several authors have developed decellularization techniques followed by in vitro reseeding with autologous cells [10 and 14] or allowing ingrowth of host cells into the graft after transplantation. [8, 10, 15 and 16] The eff ect of cell extraction on diff erent types of ECM proteins, however, and the reconstitution of ECM and valve cells after in vivo implantation have not been studied in detail yet. To answer these
questions we have chosen to analyze the eff ect of decellularization on heart valve conduits in rat inbred strains, which are genetically well described and have provided important insights into the role of the immune response in allograft heart valve failure. [5, 6 and 17] In the present study we developed a 2-step detergent-enzymatic extraction method involving SDS in combination with RNase and DNase to produce completely acellular rat aortic heart valve conduits suitable for implantation. Against our expectations previously described methods to decellularize larger canine, [8] porcine, [9] and human [10 and 14] A complication in our model is that all decellularized aortic valve conduits were not functional due to massive sinus thrombus formation. This was also found in the cellular allografts that became acellular. In the control cellular synergrafts, however, thrombus formation was not observed.
Previous reports on decellularized valves are contradictory. Decellularized aortic valves transplanted into the pulmonary artery of the dog [8] and porcine valves into the right outfl ow tract of a sheep heart [15] did not show thrombus formation, although cryopreserved rat aortic valves with almost no endothelial cells have a high incidence of thrombus formation in the sinuses.
[26] An explanation could be that we used an heterotopic abdominal implantation in contrast to orthotopic transplantations in other studies. Due to the end-to-side implantation technique no physiological blood fl ow profi le could be obtained, which can result in thrombus formation. The loss of endothelium, however, appeared to be an essential condition in thrombus formation. transplantations from guinea pig to rat abdominal aorta resulted in elastin degradation and aneurysmal dilatation, most probably due to an interspecies immunogenicity of the ECM. [13] Although the fi rst signs of these clinical trials are promising, the future will show us whether transplanted decellularized porcine valves have a better or worse prognosis than the generally used glutaraldehyde-fi xed porcine valves. Meanwhile, further research is necessary to study the possible eff ects of immune response to interspecies ECM and to optimize decellularization techniques for human aortic valves.
Jan Lens is kindly acknowledged for his help in preparing the fi gures. The technical assistance of Maria Borias is greatly appreciated. However, one of the major limitations aff ecting the generalizability of the fi ndings is that virtually all valved conduits resulted in signifi cant sinus thrombus formation except for cellular syngrafts. This is a limitation of the model utilized which could have been addressed in part by using a functional model where blood fl ow and leafl et mobility can be demonstrated [2] . The signifi cance of sinus thrombosis is not negligible and has been shown to become a nidus for infl ammatory cells potentially impacting on neighboring cellular immune responses and any conclusions made from histology [3, 4] .
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As Légaré and Ross state in their letter, a complication of the model we used is the sinus thrombus formation observed in all decellularized synergrafts and allografts as well as in the untreated allografts [1] . They speculate that this is mainly due to a lack of leafl et mobility in a non-functional implantation model [2] .
To overcome this Légaré and Ross suggest the use of a functional rat implantation model in which the creation of native aortic valve insuffi ciency (AI) results in a signifi cant diastolic fl ow reversal in the abdominal aorta allowing leafl ets to move and function [3] . Although we were aware of the existence of this model, we decided not to use it for our study. One of the reasons is that the creation of AI results in progressive congestive heart failure due to the volume overload making the model unsuitable for long follow-up studies. In the model also a rather high mortality rate is seen (62.5 % survival). We agree fully about the importance of having functional moving leafl ets in the bloodstream in studying aortic valve failure, however, we look forward to new data that will encourage us to incorporate the model in our future studies.
We respectfully disagree with the assumption that a non-functional model is the main reason for the sinus thrombus formation. Interestingly in our study, none of the untreated (cellular) synergrafts displayed thrombus formation [1] . This is consistent with earlier results in this model by Oei and colleagues [2] who showed absent thrombus formation in all synergrafts and even in some allografts. This indicates that loss of cellular structures, resulting in an absent blood tissue barrier, from the treated synergrafts and allografts and untreated allografts is an essential condition in thrombus formation. Our study suggested that decellularization reduces the recipient's immune response, resulting in a preservation of the ECM structure. We therefore believe in the feasibility of acellular allografts as scaff olds for tissue-engineering purposes and are performing seeding experiments at the moment to determine the best cell source.
Regarding the infl uence of thrombosis on the infl ammatory response [4] , seeding of acellular valves with autologous endothelium will result in a new blood tissue barrier and is expected to
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